Rat alveolar macrophages separated into four isopycnic fractions on Percoll gradients were functionally heterogeneous in bacterial phagocytosis, intracellular killing, superoxide anion release, and lysosomal enzyme activity but not in hydrogen peroxide release. With increasing alveolar macrophage density, phagocytosis, intracellular killing, superoxide anion release, and lysozyme activity increase, and acid hydrolase activity decreases.
Macrophages harvested from the same anatomical site can differ strikingly with regard to function, stage of differentiation, biochemical characteristics, and many other features (5) . We have separated suspensions of rat alveolar macrophages (AMs) into four distinct fractions on the basis of buoyant densities of the AMs on discontinuous gradients of Percoll. AMs from each isopycnic fraction were tested for ability to phagocytize and kill Staphylococcus aureus 502A and for lysosomal enzyme activity and zymosan-stimulated superoxide anion (O2-) and hydrogen peroxide (H202) release to determine whether these properties are affected by cell density. Bronchoalveolar cells were harvested by saline lavage of male Sprague-Dawley rats (200 to 250 g) and layered at a concentration of 1.4 To determine the lysosomal enzyme activity of each isopycnic fraction, AMs (106) from each fraction were washed and suspended in 0.2% (wt/vol) Triton X-100. The activities of 0-glucuronidase, acid phosphatase, a-galactosidase and N-acetyl glucosaminidase were determined by using 4-methylumbelliferyl substrates, as previously described (3). Lysozyme activity was determined by the rate of hydrolysis of Micrococcus lysodeikticus (Sigma Chemical Co.) measured by decrease in absorbance at 450 nm (12 Of the cells initially applied to the Percoll gradient, 79 + 8% were recovered. The cell distribution pattern (Table 1) was characterized by a large proportion of cells at the 3%-4% interface. The least-dense fraction (1%-3%) was enriched in nonviable (47%) and ciliated columnar cells. The two intermediate-density fraction interfaces were enriched for AMs, and the highest density fraction interface (6%-8%) was enriched for lymphocytes (12%). The size, degree of cytoplasmic vacuolation, and number of intracytoplasmic inclusions of the AMs tended to decrease as their density increased. Table 1 demonstrates that bacterial phagocytosis and intracellular killing increased with increasing AM density. We hypothesized that enhanced intracellular killing by higher-density AMs might be related to increased lysosomal enzyme activity or oxygen-dependent microbicidal mechanisms in these fractions. Lysozyme activity and O2 release (Table 1 ) increased, acid hydrolase activity (Table 2) decreased, and zymosan-stimulated H202 release (Table 1) remained constant with increasing AM density. Thus, enhanced lysozyme activity and O2 release with increasing AM density may partly explain the enhanced microbicidal activity of the denser AM fractions. The relationship between AM density and lysosomal enzyme activity seen in our study is in accordance with a previous report (2) demonstrating heterogeneity in acid hydrolase and lysozyme activity in isopycnic fractions of rabbit peritoneal exudate macrophages. The least-dense fractions were enriched for acid hydrolase activity, and the highest-density fractions were enriched for lysozyme activity. The enhanced O2 release with increasing AM density is in accordance with the findings of Holian et al. (4) .
Marked functional heterogeneity exists within whole populations of alveolar and peritoneal macrophages in the expression of Fc receptor activity (7) . Moreover, mouse peritoneal macrophages of the 1C-21 line which were separated into isopycnic fractions on discontinuous gradients of Percoll exhibited enhanced antibody-dependent phagocytosis of chromium-labeled sheep erythrocytes with increasing cell density (10) . The density-dependent enhancement of bacterial phagocytosis seen in our study seems likely to be mediated at least in part by enhanced expression of Fc receptor activity by the higher-density fractions.
AM subfractions, separated on the basis of cell density, are known to be heterogeneous in stimulated migration, 02 release, pinocytosis (4), antitumor function (13), suppression of lymphocyte mitogenesis, and the production of interleukin I (11). Our findings provide evidence for functional heterogeneity in AM subfractions in staphylococcal phagocytosis, intracellular killing, and lysosomal enzyme release. LITERATURE CITED
